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An Establishment of Expert System for Fault Diagnoses of
the Cooling System In the Xylene Oxidation Reaction Process

I
Jong-Chil Shim + Chang-Eun Kim - Young-Jun Ju
(1996t 33 169 T+, 19961 128 14 )

ABSTRACT

We establish an expert system for the xylene oxidation reaction process of chemical plants using
HAZOP(Hazard and Operability Studies). Our research focus is only reduced to the cooling system of
the total chemical plant due to lack of information. This expert system shows the priority of reasons for

the system failure using confidence factor.
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Fig. 1 Control loops of the xylene oxidation reactor cooling system

Table 1 Example deviation of guide words

Guide Wordst

Mean

Deviation

No, Not, None, Reverse

Negation of the Design In-

tent

No forward flow when there should be, i.e., NO FLOW or
REVERSE FLOW.

More of Quantitative Increase More of any relevant physical property than there should be,
e.g., HIGHER FLOW(rate or total quantity), HIGHER
TEMPERATURE, HIGHER PRESSURE, HIGHER
LEVEL, HIGHER VISCOSITY, etc.

Less of Quantitative Decrease Less of any relevant physical property than there should be, e.
g., LOWER FLOW/(rate or total quantity), LOWER
LEVEL, etc.

Part of Qualitative Decrease Composition of System different from what it should be, e.g.,

CHANGE IN RATIO OF COMPONENTS, COMPONENT
MISSING, etc.

More than, As well as

Qualitative Increase

More componts present in the system than there should be, e.
g., EXTRA PHASE PRESENT(vapor, solid), IMPURI-

TIES(air, water, acids, corrosion products), etc.

Other than

complete Substitution

What else can happen appart from normal opration, e.g.,
STARTUP, SHUTDOWN, UPRATING, L.LOW RUNNING,
ALTERNATIVE OPERATION MODE, FAILURE OF
PLANT SERVICES, MAINTENANCE, CATALYST
CHANGE, etc.
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Table 2 HAZOP STUDY on cooling water service system

Guide word | Deviation Possible causes Consequences Action
Not, No No flow 1 Cooling water source® failure [ (D No or low level in condenser | @ Install low level alam on LIC
Ad-902
@ Na cooling
@ Temperature increase in
teactor
@ Possible thermal runaway
2) Water make up pump break [ As for 1! @ Provide spare water make up pump
down @ Interloking between flow transducer of cooling line
and spare pump power
3} Level control system Fails|As for 1} (D Provide two separate level transduser on AD-9%02
closed @ Regulary inspect LT, LIC, LV and instrument air
4) Plugged cooling line or line| As for 11 (D Regulary careful check for water make-up line
rupture
5) Flow transduser fails As for 1! @ Provide two separate flow transducer
6) Tubes in condenser plugged |As for 1! ® Regulary inspect tube bondle in condenser
More More flow |1} Cotrol valve fails to open | (D Overfilling of condenser (D Check maintenance procedure and schedule
2 Controller fails opens valve
Less Less flow |1 Controller valve fails to re-| Q) Covered under “No” @ Covered under “No”
spond
2) Partiully plugged cooling
line
As well as  |Reacter pro-|1) Leaking tubes @ Product lost @ Covered under “More”
duct in cool- @ Loss of product yield
ing water ® Contamnation of water
Other Another|l) Water sourse contaminated | Possible loss of cooling (©Isolation of cooling water sourse
Than material be- {2} Backflow from sewer @ Install check valve to prevent reverse flow
sides cooling
water
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Fig. 2 FAULT TREE for primary events leading to event “EXPLOSION” in the xylene oxidation reactor modificated
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Table 3 Some instrument failure rate data from tree chemical works (Anyakora, Engel and Lees,
1971){Courtesy of the Institution of Chemical Engineers)

No. at Instrument Envirronment | No. of Failure rate
Instrument .

risk years factor faults (faults/y)
Control valve 1531 747 2 447 0. 60
Power cylinder 98 39.9 2 31 0.78
Valve positioner 334 158 1 69 0.44
Solenoid valve 252 113 1 48 0.42
Current/pressure transducer 200 87.3 1 43 0.49
Pressure measurement 233 87.9 3 124 1.41
Flow measurement (fluids) : 1942 943 3 1069 1.14
Differential pressure transducer 636 324 3 559 1.73
Transmitting variable area flowmeter 100 47.7 3 48 1.0l
Indicating variable area flowmeter 857 409 3 137 0.34
Magnetic flowmeter 15 5.98 4 13 2.18

Flow measurement (solids) :

Load cell 45 17.9 - 67 3.75
Belt speed measurement and control 19 7.58 - 116 15.3
Level measurement {(liquids) : 421 193 4 327 1.70
Differential pressure transducer 130 62 4 106 17

Float-type level transducer 158 75.3 4 124 1.64
Capacitance-type level transducer 28 13.4 4 3 0.22
Electrical conductivity probes 100 39.8 4 94 2.36
Level measurement (solids) : 11 4.38 - 30 6.86
Temperature measurement
{excluding pyrometers) & 2579 1225 3 425 0.35
Thermocouple 772 369 3 191 0.52
Resistance thermometer 479 227 3 92 0.41
Mercury-in-steel thermometer 1001 477 2 13 0.027
Vapour pressure blub 27 10.7 4 4 0.37
Temperature transducer 300 142 3 124 0.88
Radiation pyrometer 43 30.9 4 67 2.17
Optical pyrometer 4 34 4 33 9.70
Controller 1192 575 1 164 0.29
Pressure switch 549 259 2 87 0.34
Flow switch 9 3.59 - 4 1.12
Speed switch 6 2.39 - 0 —
Monitor switch 16 6.38 - 0 -
Flame failure detector 45 21.3 3 36 1.69
Milivolt-current transducer 12 4.78 - 8 1.67
Analyser : 86 39.0 - 331 8.49
pH meter 34 15.8 - 93 5.88
Gas-liquid chromatograph 8 3.43 - 105 30.6
O, anslyser 12 5.67 - 32 5.65
CO, anslyser 4 1.90 - 20 10.5
H, anslyser 11 5.04 - 5 0.99
H,0 anslyser (in gases) 3 1.38 - 1 8.00
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No. at Instrument Envirronment { No. of Failure rate
Insttument R
risk years factor faults (faults/y)
Infrared liquid analyser 3 1.43 - 2 1.40
Electrical conductivity meter
(for liquids) 5 1.99 - 33 16.70
Electrical conductivity meter
(for water in solids) . 3 1.20 - 17 14,2
Water hardness meter 3 1.20 - 13 10.9
Impulse lines 1099 539 3 416 0.77
Controller settings 123t 609 - 84 0.14
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Fig. 7 Final conclusion of the inference process
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